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EXECETIYE SUMMA RY

A. Project Title and Applicant Nmne
DEVELOPMENT OF AN OPTIMAL DESIGN FOR REDUCING PREDATION ON DELTA
SMELT AT A LARGE Fl~lt ~SCREEN
Dr. M. Levent Kavvas, UC Davis
Dr. Joseph J. Cech, Jr., UC Davis

B. Project Description and Primary Biological/Ecological Objectives
The objective of this project is to develop and evaluate generic sieving designs for the exclusion of
the fish predators near large fish screens and, for each screen configuration, quantify predator
exclusion, and the passage success, survival, and behavior of delta smelt. This project addresses a
major euvironmental stressor identified by CALFED, alteration of flows and effects of water
m~magement activities, and associated predation mortality of priority species, such as delta smelt.
The project is specifically designed to quantitatively evaluate the effeclivoness of one of CALFED’s
primary mitigation strategies for fish protection, installation of fish screens, and to produce results
which may be implied to improve fish passage and survivsi at fish screens, including tho~e proposed
under the CALFED alternatives. Specific questions addressed include:

How vulnerable are small Delta fishes, such as delta smelt, to predation?
Can predation rates he reduced if sorting screens are present?
How many of sorting screens are necessary to effectively reduce predation?
What is the optimal configur~ion of these sorting screeus?

Answers to those questions will assist engineers and water managers to make decisions regardiog
sci’eel)lng of diversions and apply adaptree management tcctmiques in water diversions operation
which protect fish and enhance ecosystem quahty. Answers to these questions may also help
achieving the optima] design for the DSBR Tracy Fish Facili~y~

C. Approach/Tasks/Schedule

The approach ts to test delta smelt in clear water conditions, to quantitativaly observe and track their
movements and responses to the diversion, fish screen, sorting screens, bypass, and predators. These
results will then allow us to ~evelop an effective fish screen facility desiga~ for redunlng predation.
Experiments will be conducted in a large, laboratory-based flume (see Figure 1.) in which hydraulic
(e.g. flow rate, approach and sweeping velocity/ and biological (e.g. number of predators)
condition,s can be controlled and the behavior of the fishes can be closely observed and recordeM.

The 21-month project is scheduled in 2 phases. Phase I (9 months) will include modifications of the
flume, and design, construction and installation of fish sorting screen s~ along with the standard
fish screen, and preparation of a Quality Assurance Project Plan (QAPp) for biological tests.
Hydraulic and biological tests will be conducl~l, and ~orting screen structure will be modified as
necessary during Phase H (12 months).

D. Justification for Project and Ftmdi~g by CM2’ED

~,Installation of fish screens at water.diversions has been identified by CALFED as an.activity that
provides direct benefit to fish resources and the ecosystem. However, predation losses of bypassed
fishes may substantially, reduce any fish protective banefit~ impfirted by installation of the screen.’
The proposed project will develop a~.n,d evaluate generic sieving deslgns fo~,.the exclusion Of.fi~h
predators near large fish screens. ~hts project may be funded under the CALFED program f0r ~:-..
~evera] re~solis: ..     .                     ,~.         , ,           ,
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I, It addresses questions and will produce information applicable to miligato problems in the
Sacramento-San Joaquin Delta and river syste~n associated with alteration of fiow~, effects of
water management activities, and predation mortality of priority fish species, key high rank
stressor identified by CALFED.

2. It specifically addresses one of the nine topics identified by CALFED as a priority problem in
the Bay-Delta ecosystem, fish passage and related screen improvements, and has direa:t
relevance to at least one other topic, fish passage assessment.

3. ~t wi~~ ~r~vide inf~rmati~n ~irectiy ap~~icab~e t~ the dasign and ~Perati~n ~f prop~sed ~arge-
scale diversions outlined, in the CALFED long-term plan alternatives.

4, It focuses on the priority specie of delta smelt that are documented to be at high risk from the
stressor.

E. Budget Costs and Thiid Party Impacts

Total funding requestcti from CALFED is $788,225 for 1 year and 9 months. This amount includes
funds for equipment, supplies, and labor for flume modifications, salaries and -benefits of personnel,
travel, publication costs, and overhead rate of 46% - 48%. Additional support will be provided by
our funding partners, including UC Davis, DWR and DFG.

F. Applicant Qualifications

Dr. M. 1.event Kavvas is a professor at University of California, Davis. He has been responsible for
ma~y research projects in the areas of hydraulic and hydrologic engineering, in collaboration with
different state agencies. He is currently a principa! investigator on the Fish Treadmill study, an
extensive study of the performance and behavior of Delta fishes exposed to 3-D flow fields near
Ire’go flat plate fish screens.

Dr, Joseph J. Cech, Jr., is a professor at University of California. Davis and a well recognized
aathority on physiology and behavior of fishes. Ife has successfully completed seven state agency
contracts, many with an emphasis on Delta and rivetine fishes. He is currently co-principal
investigator on the Fish Treadmill study,

G. Monitoring and Data Evahmtion

Project results will be reported in regularly submitted quarterly, annual and final reports. Results
will also be submitted for publication in peer-reviewed scientific journals, presented at interagency
workgroul~ meetings, and will be available for public review. Biological data eollecdan and
eva!uation will b~ described thoroughly in a Quality Assurance Project Plan prepared by the co-
pnnctpal investigator and research staff and reviewed and approved by experts from collaborating
agon~leS

H. Local Support/Coordination with other Programs/Compatibility with CALFED
Objectives

Most of the infrastructure and capital equipment required for the studies is already available at UC.D
Hydraulics Laboratory, UCD Aquatic Cenmr and UCD Fish Env~mnmantal Biology Laboratory.
Extensive cooperative and collaborative research and funding arrangements exist between the
applicant, other UCD researchers, and state agencies (e.g, DWR, DFG). This project ’eon’~plements
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PROJECT DESCRIPTION

1. Introduction

Entrainnlent, impingement, and predation losses of many small Delta fishes at screened and
unscreened water diversions have conwibuted to the declines of many resident and Delta transient
fishes, including the thre~xened delta smelt and endangered winter run chinook. Installation of fish
screens has been shown to exclude fishes from diverted water (i.e., reduce entrainment losses of
fishes >5ram in length, IEP Technical Report 37, 1994). I-[owever, substantial anecdotal and
experimentM evidence suggests that predation on small fishes that are entrained in the flgw field at a
fish screen, passing a fish screen, or exiting a fish bypass may be extremely high, In some instances,
particularly at large diversion f~ilities such as the Central Valley Project or State Water Project, as
well as those proposed in the CALFED alternatives, predation Josses of fishes at fish screens may
nullify any beneficial effects of reduced entrainment losses provided by the fish s~reen installation.

Understanding the unintended secondary effects of installation of fish screens is essential to the
CALFED rrdssion of ecosystem restoration, enhancing fish populations (inehding fish doubling
goals mandmed by the CVPIA), and developing an effective screen design and operational strategies
for existing and future large scale water diversions.

The presence of tile fish screen increases the structural complexity of the environment, providing an
area where maximum foraging efficieneies and the highest densities of predators could occur, The
fish are concentrated in the bypass areas and near the end of the screen making them an easy prey
for piscivorous fishes. The speedy transit of fish through the screen will reduce opportunities for
predators. The potential loss of juvenile fish to predation is a serious consideration in the design ~nd
operation of fish screens, Concentration and stressing of small fish near screens and aeeunmlation of
predator fist, around screen structures are undesirable effects of the diversion and screening of
water. Conditions that increase pray vulneraKfiity or enhance predator opportunities must be
understood in order to develop facilities that minimize fish losses. One way to minimize losses due
to the predation would be to employ the sieving technique. A gradual exclusion of large fish
predators is possible by placing so~ng screens with different sizes Of openings inn series one
behind another, starting with the coarsest screen. Small fish are then exposed to the fish screen and
bypassed back into the river.

2. Objective
The objective of the project is to develoF and evaluate generic sieving designs for the exclusion of
~he predators for delta smelt near large fish screens and, for each seseen corffiguration, quantify
predator exclusion, and the passage success, survival, and behavior of delta smelt, which is one of
the small-size priority Delta f’tsh spe(~es.

~. Methods and Apffroaoh
We propose re evaluate different generic configurations (at the most 4 at the enrrent level of
funding) of these screens under various flow conditions in order to determine the one configuration
that is the most efficient in reducing predation of small Delta fishes near fish screens. For each
configuration, we will quantitatively evaluate the passage success, survival, and behavioral
responses of delta smelt, and the effeetiven~s of the screen configuration for s~parating the large

..... .~ predator fish from smaller fish. Th~ ~l!ests v~il! L~ l~ffo, rn].~d tn ~t large:!al~0ratory hosed fl~.~ ~
~ ~ ~’~. under censtmetion~t the UC Davis Hydeauli~s I.aab0i~.t0ry:~eapparatas~i~designe, d to
,~.6~i~= ~. ~ce ntrolled hydranhc and ei!vlronroantal eoaditrons _and a~sh scxeen ~lns ,.t .~1, ~dlon ~Stutilar to

used at many large stze water diversmns, and smular to design being constdared far the
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CALFED alternatives. This approach will enable us to test selected Delta f~shes in clear water
conditions, to quantitatively observe and track their movements and responses to the diversion, fish
screen, sorting screens, bypass, and predators.

Flume Apparatus: The flume will be located af the Hydraulics Laboratory behind the existing
Sacramento River model, The flume is 59 ft long, 12 ft wide and 6 ft high. It rests on a reinforced
concrete slab of 59 ft long and 40 R wide, which has sufficient space in order to accommodate the
fish collection facilities. Water will be circulated in the flurae using dimneter 24" steel pipes and
pumps that are capable of moving 60-90 cubic feet per second of water. Discharge to the flume is
controlled uniug a bypass valve. Water, after entering the control section, flows through a baffle
consisting of expanded metal sheets filled with gavel, The purpose of the baffle is to effecfivuiy
dissipate and minimize tl~ turbulence in the water. Different water depths in the flume channel will
be achieved using a control gate at the downstream end of the flume, W~er is ~:ollected in the
downstream ~vater storage pool and pumped back through the pipes, A diagram of the proposed
design and experimental setting is given in Figure 1,

Physical models, such as the proposed flume, allow an insight into flow discontinuities, head losses,
effects of submerged serecns, operational flexibility and ability to meet velocity ci’iteria under all
possible conditions. Past experience with physical model studies has been that they are often started
too late to be of full benefit in the plaaning process. Therefore the infrastructure to support physical
modeling studies needs to be in place prior to initiating detailed structure designs. That is where the
proposed project falls in.

4. Proposed Seope of Work

The proposed project has p, vo major lasks:
Task 1 - Flume and hydraulic structure construetioas, flow field studies, and flume hydzaulic

comrol and opermion.
Task 2- Biological experiments and studies of delta fish with various so~tthg screen and fish screen

configuration under various flow and environmental conditions.
Task 1 includes a) design, construction and modification of the flume and water delivery system
system in order to accommodate various flow conditions found in the Sacran~ento-San Joaquin
Delta; b) design, eenstruction and installation of the sorting mad fish screens, a~d the associated fLsh
collectors; e) hydraulic control and operation of the flume; d) hydraulic studies of.flow velocity
fields in the flume.

Task 2 includes a) collection of delta smelt, fish handling, aud biological experiments under various
configurations (at the most 4) for the set of fish screens for reducing fish predation in the proposed
large scale flume.
Design/Experimental Protocol: Hydraulic studies will be performed for each different screev
configuration and. flow combination, Detailed velocity measttrements will be performed to quantify
the flow field in the flume. These measurements will help us gain better understanding of flow
conditions near the sorting screens and a fish screen. Measurements will allow us to evaluate the
angle and position of the screens in order to achieve an optimal design. Biological experimenis will
be performed for each different screen configuration and flow combination, Eltch experiment with
the fish will consist of an initia] pre-tesz, habitangon period during which approach flow :
a rest l~riod during which the
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Sl~ecie~: While a number of small-size Delta and rivedne fishes are thought m be adversel) aftected

not be tested with all species. Other species (e.g., steclhead) may be tested if adequate numbers of
fish are available and/or field data from cooperating agencies suggest these fish are at greater risk
from pred~tio~

5. Phase and Schedule
The proposed project consists of two phazes:

Phase 1 ( duration: 9 months)
10/1/1999 Funding begins

Final design modifications for the fiume and water delivery system, acquisition
of equipment and materials, modification of the flume and water delivery systen~.
te~ting of the flume

Preparation and approval of a Quality Assurance Project Plan (QAPP) for
biological tests

5/1/2000 Begin fish collection
Phase II (duration 12 months)

7!1/2000 Conduct biological experlments with differem sets of sorling semen and fish

Modification of sorting screen and fish screen according to the data collected in
hydraulic experiment a~d biological experiment.
Conduct hydraulic experiments with different sorting screen and fish screen
configurations.
Development of an optimal design.
Fish collection as necessary.
Final data analysis and interpretation, including comparisons of results with
complementary data from other ongoing field and laboratory fish screen studies.
Report writing

6130L2001 Submit final report.
Results of the studies will be reported in quarterly progress and financial reports, and a final report
will be submitted at the end of Phase IL

6. Location of the Project
The species, stressors and habitats addressed in this project are l~cated in all areas within the
Saetamente-San Joaquin Delta and river systear that are affected by existing and proposed large-
scale ~c~eened water diversions and fish bypasses. The project will be executed at the Hydraulics
Laboratory of the University of Califomiain Davis, which is |0eated near the Sacramento-San

: D~ltal
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ECOLOGICAL/BIOLOGICAL BENEFITS

This project develops fish sorting screens that could be used on diversions r21roughout the
Sacramento-San Joaqinn Delta and tributaries in order to mdece fish predation in river diversions.
evaluatas the effects of fish predation near fish screens on several priority fish species that are at the
greatast risk of decline: delta smelt(primary species, 1~t tier).

Installation of fish scrcans at water diversions has been identified by CALFED as an activity that
provides direct beocfit to fish resources and the ecosystem. However, predation losses of entrained,
impinged, and bypassed fishes may substantially reduce any fish protective benefits imparted by
installation of the screen. The proposed project will develop and evaluate generic sieving designs for
the exclusion of fish predators near fish screens. The results of this project will help in developing
better fish screens, screens that exclude or divert predators, guch screens can help reduce predation
losses near diversion facilities. The passage success of several priority Delta fish species will be
quantitatively evaluated, and the efficacy of several water diversion designs and operational
strategies will be put to test. The results will have application and provide benefit to several habitat
types, including tidal perennial aquatic habitat, instream aquatic habitat, and shaded riverine habitat,
and all fishes which reside in or pass through these habitats. This project will specifically evaluate
passage success, and entrainment, impingement and predation losses of delta smelt, one of the
priority fish species, thought to be a high risk from water diversion related stressors. Results may be
applicable/o predic! diversion and screen impacts on other ecologically and]or morphologically
similar species not tested (e.g., steelbead, longfin smelt, striped bass).

Underslanding of the unintended secondary effects of installation of fish screens is essential to the
CALLED mission of ecosystem restoralion, enhancing fish populations (including fish doubling
goals mandated by the CVPIA), providing information and tools for effective adaptive management
by agencies and water users, and implementing the CALFED alternatives.

Installation of fish screens at existing large water diversioas (e.g., Tracy pump plant of CVP) and
possible future diversions proposed as components of the CALFED long term plan alternatives has
been identified by CALLED as an activity which provides a direct benefit to fish resources and the
ecosystem. However, substantial evidence suggests that large numbers of screened and bypassed
fishes may be instead lost to predation. The direct benefil attributed to screen inst~llation may be
minimal.

The proposed project will quantitatively evaluate the passage success and vulnerability to predation
of priority Delta fishes, and test the effectiveness of several screen configurations designed to
exclude and divert predatory fishes and thus reduce predation losses of small size priority species. It
addresses specific ERPP objectives as outlined below:
1. Continued resea~h on fish screening and related facilities design and operations, and on fish belmvior

telallve to screening (ERPP v.1, Water diversion as shessor, p. 424-429);
2. Reduedon of adverse effects of CVP and SWP diversious durieg the period when larva% juveeiie, er

adult life stages of Delta smelt appear in the Delta (ERPP v.l, Vision for Delta smelt, p. 491);
3, Removal of predators associated with diversions and fish protection facilities ~RPP v.I, Vision for

splittail, p. 207);
In addition, through its focus on Delta smelt (project results should be applicable to all tuns), this
project also addresses objectives of the Anadromous Fish Restogation Program and other sections of
theCVPIA Our i’esitlts will provide CALVED andothgr.;¢~vlronme!ltal ~ers

~ ~Wlth lnformat ton es sentlal to makej!ecls tous regarding a~cg:nt~ ~d ~pe~.a~lo~0.f lgrge wal:e,r,,:),.~)~t~:i/~ ~
diversmnsthat, by proteetang fishes, enhance ecosystem fTanetiomng,and~quahty,

7
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This experirrlenlal approach and u’,c of a laboratory-based system for a bio]ogicaJ cvaluation ,jr
fish projection qaalities of fi~h screens is prefc[abl~ Io fl~ld ~udJes and will provid~ ~¢a[gr
bcncfit fllan field studies for several
1) The flume underconstmctioi~ at UC Davis Hydraulics ~rato~ is gene~c in design. Itisnu/

site ~pecifie and it allows for testing of differem screen eonfl~raions. Ra~ of flow, approach
~d swiping velocities are e~ily controllable ~t ~e~fore diffe~nt ~Mnafions c~ be tested.
~e flume can Mso be widened from cu~ent 12 f~t up to the 32 f~t wide. The~ is also a space
%r longitudinal exmnsion of the flume. ~e flume with this modular desi~, len~ itself m a
wi~ agay of stu~es. V~ious s~ed models c~ ~ put into the flume ~d ~s~ ~ well ~ some
1:1 smdi~ of diversion ~d fish ~r~ning

2) Obse~ations of fishes ne~ fish s~r~ns insNl~ at water diversions in ~e ~la or
IogisticNly and technicNly difficult (e.g, turbid water ¢ondition~ limit M~iMlity for h~man or
video observations).

3) The presence, numbe~, speff~, and si~s of fishes near any p~icul~ diversion ~e not
predictable and cannot be repli~I~, lhemfo~ development of a scientifically ~d statisticNly
v~id stu@ to assess scr~n effectiveness is difficult. ~ificiN introduction of test fish (including
mwk, release ~d r~apture studies) n~ ~e dive.ion and scan is problematic beca~
effec~ of ex~sure to ~e diversion and predaors cabot he e~ily ~at~ from ~ s~ssful
effec~ of handling and rele~e, and these s~sed fish may respond differently to ~e diversion
th~ unhandi~ fish.

4) Hydraulic ~e,g, flow rotes, approach ~d sweepin~ velocities), en~nmen~ [e.g., tempemm~.
light levels) and biologicM conditions (e.g., number ~d t~e of pr~tor) ~ inhe~ntly
uncomrolI~ in the field and cannot be ~plieated or tested qu~titafively.

The ~sul~ from this project will assist C~D ~dother envimnmentN ~d ~sou~e m~a~rs to
~e decisions regarding the design ~d o~ration of se~ened water dive, ions in ways which ~ly
pro~t fish and enhan~ ~osysmm quNity, ~d contribute to fish doubling goNs m~ by Ne
CVP~. Since this design study is gene~c in nam~ ~d peffo~ed at a l~ge l~omto~ flume, the
optimal configuration to be ~veloped for ~e mt of fish scans for mini~Nzing fish pre~fion ca~
then be applied at ~y pa~cul~ ~version location.

Recently, USBR h~ proposed to build a new diversion s~ctu~ to replace its ~ent Tracy Fish
Collation Facility due to its low Iouver effl(~ency and fish sNva~. ~ sta~ in its feasibility
of ~e new facility, major field modifi~tion of ia div~ion s~cmm will not ~ e~y mg~dless of
planing duo to ~e s~e of ~� facility, ~d mmy pmpo~d changes ~ ~e p~st~ in la~rato~
models ~e~by fi~ting field modificatio~ to fewer ~d ~e most pm~ing i~. Developed
so~ng sevens will have dir~t appliea~on to ~e Tr~y Fish Collation F~ili~. Such scans can
aim ~ us~ ~ a ~fis m~agement t~l.

~ore. this a~a~, once ~veloped, will N~ be useNl for sm~es on ~e. ~ of other
env~nmentN ~d bioloN~ ~nditions (e.g., tem~mmm, t~idity, sNini~, fish si~, o~er
s~ms). This flume apples is not site sp~ifie but it is ra~er a genetic a~tus whe~ v~us
fish seining Nt~aiives e~ ~ ~s~ ~d ev~ua~, The flume will ~ use~ for solving fish
s~n fNtum pmbl~ ~at have o~ ~ently ~ v~ous smNI a~eul~m dive~ons ~one
Sacr~ento ~ver. "~"

~ile ~e ~pos~ proj~t .i~ new, it continues ~ ~1i~ res~eB.~a~s} ~ ~Rabor~~

~?;.2~&~ffo~mee~ ~a~r ~h~plo~of ~1~ gm~es. Much ~ ~e~m(M~]~omto~,’fiS~
holing, ~d hy~l~c f~hues ~d ~¢tum ~e m pl~ ~d avml~le (~ lmpN~n~
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arrangements between our hydraulic engineering iesearch group, applied environmental biology
research g~oup, STa~e and federal resource agencies (e.g,. DWIL DFG, USFWS. NMFS
complements several ongoing and proposed projects, including the Fish Treadmill project (DWR
contract # B-80898), a detailed investigation of the behavior and performance of Delta fishes
exposed to large fiat-plate fish screens.

Third party impacts Results from this study could have impact on the operational guidelines for
fish screens and water diversions by suggesting techrfiques and approaches to minimize predation
and better protect endangered Delta and riverine fishes. Application of the results of this proposed
project could have Impacts on sport, commercial and native Californian fisheries by improving
protection of fishes ~: small water diversions throughout the Delta and the river system and thus
enhancing fish populations

MONITORING AND DATA IgVALUATION

Flow velocities: Experiments will be conducted at the approach flow velocity, 0.2 Us (6 cn’ds, the
present criteria for delta smeltl and a eantrol flow eendition. 0 fls, with different sweeping
velocities,

Environmental Conditions: Experiments will be conducted during the late winter, spring, and fall at
ambient temperatures. 12-20°C Iestimated seasonal range),

Hydraulic Measurements: Three dimensional w~ter velocity flow field measurements will be
performed prior to the begmmng of the biological experiments. During tt~e biological experiments
single point flow measurements will be used as a quality control feature, Water velocity will be
measured using the SonTek Acoustic Doppler Velecimeter. This instrument is capable of measuring
turbulent velocities at a rate of up to 25 samples per second. It measures velocity in three directions
and allows for qualitative assessment of turbulence structures in the flow field near the fish screens,

Biolomcal Measurements: Fish behavior mad responses to the diversion will be mo~fimred during
each experiment visua/ly by researchers as well as recorded by four 60 frame/s video cameras
mounted in stationar3 locations above the fish screens and bypasses, Recordir~gs from each camera
will be analyzed manually and using a computer-assisted motion analysis. For each video record,
information on flow velocities and directions, fish size, and linear scaling will be incorporated into
the computer program and/or data record for calibration purposes. Measurements will include fish
orientation, loc~ion within the apparatus (e.g., distance from screen surface), swimming velocity,
distance and direction traveled, passage through or impingement on a screen, time to bypass, % of
fish bypassed, and p~zlation events. Fish orientation, and distance, direction and velocity traveled
over the ground will be combined with velocity-vector maps of the flume to calenlat~ hue
swimming veleolties and distance traveled through the watar by individual fish. Sitrvival will be
monitored during al! experiments and for a minimum of 24 h post-test in fresh water.

Project results will be reported in tegularly submitted quarterly, annual and final reports. Results
publication in peer-reviewed scientific journals in the-appropriate fields,

and will be available for public review. Data
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project, fbe optimal design of ,sorting screens can be evaluated in the field such as in the "l’~acy Fish
Collection Facility.

IMPLENIENTABILITY

The proposed project is highly implementable. It utilizes existing facililies and resources ai
University nf California, Davis (UCD), as well ms ongoing and productive collaborative
arrangements with various state and federal agencies. It builds upon the expertise of seiollfists at
University of" California, Davis in are~.s of hydraulics and fish b~.oingy (including Delta fishes), and
fish screen technology and operation (see Applicant Qualifications). There are no laws, regulations,
land use conditions, hazardous materials concerns, etc. which would delay or preclude
implemantation of this project.

Facilities: The project will be executed at the UCD Hydraulics Laboratory where the flume will be
canstrncted acd all the experiments will take place. Experimental fishes will be maintained at the
UCD Hydraulics Laboratory and Aquatic Center. UCD Fish Environmental Biology Laboratory will
be utilized for analysis of fish behavioral and physiological data and samples. Videotape j’ex;ords
from each experiment will be analyzed at the UCD Fish Environmental Biology Laboratdry.
Hydraulics Laboratory facilities include: a water circulation systcm capable of moving 90 cfs water
flew, a concrete flume platform of 59 ff x 40 ft with a water .storage pool of 4500 cubic feet, a
dedicated 265 ff deep welt which provides non-chlorinated, air-equilibrated water, a temperature
eontrelled fish holding fheility, analytical equipment including 3-D velocimeter with downward and
side looking probes, computers, and staff experienced in construction and hydraulic testing. Aquatic
Center facilities ineluda: a dedicated well ~vhieh provides non-chlorinated, air-equilibrated water; a
large scale, temperature-controlled fish holding facility (e.g., 23 ranks are available for this project);
and an experienced staff for fish care and technical support. The Fish Environmental Biology
l_M~oratory facilities include: computer-assisted motion analysis system, some video equipment, and
co~uput~rs with necessary database access and software.

Permits: Required permits for water use and discharge, and animal uofieetion and care are on file or
being processed.

COSTS TO IMPLNMIgNT PROPOSED PROJECT

Total funding requested from CALFED is $788,225 for 1 year and 9 month (see Table 1). Budget
costs for Task l include salaries and benefits of 2 quarter-time Hydraulics Laboratory shop
mechanicians and 4 half-time hydraulics engineers who will modify the flume and water supply
system and in,stall neeessary sorting mad fish screens. The budget cost for installations and
modifications include sorting and fish screens, necessary plumbing and pumps for water supply
system, additional fish holding ta~k~ and associated plumbing, electrical installation, observatio~
structure and a c~r-port type structure to cover the apparatus. Construction and installation of this
tyl~e of appm’ams at a facility without the water h~ndling and fish holding infi’astructure available at
the UCD Hydraulics Laboratory would be more expensive. Budget costs for T~sk 2 mclud~ salaries
and benefits of 2 quarter-time post-doctoral researchers in fish biology for 4 months and fish
collection cost in Phase L The budget costs for Task 2 also include salaries and benefits of 2
quarter-time post-doctoral researchers in fish biology and 2 q~arteg-time student research as.sista~ts
for 12 months, and :3 ful!-fim~ Po~t-;graduate researchers for 9 months ~n Pha~e Jl. Budget
Ph~.~e lI are rnmnly salaries and’benefits for reseamh and support staff ’supplre~.and
Budget costs for prujeet management ~s the sttmmer compensation for M.L..Kaw~ (2.0 months):~-
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Table 1. Total Budget (CALFEO funds only)

BioIogy)
Project 346 26,066 4,(~)0 13,940 44,006

Grand Total Cest = $788,225

Task Oct-Dec 99 J’an-Mar 00 Apt Jun 00
Task 1 (Hydraulics) 174,806 54,806 54,806
Task 2 (Fish Biolo~0_) 3,982 11,9~-7
Project Management 4,030 4,030 4,030

Phase I Total = $312,437

Table .3. Quaterly Budget of Phase H

Task .~00_1 Oct-Dec 00Jan-Mar 01 Apr-Jua 01
Task 1 (ttydraulics) 57,432 57,432 57,432 57,432
Task 2 (Fish Biology) 56,836 52,436 52,436 52,436
Prqieet Management 7,979 7,979 7,979 7,979

Phase fi Total = $475,788

COLLABORATIVE ARRANGEMENTS AND COST-SHARING:

UCD Fish Environmental Biology Group: Assist in design of screen configurations, experimental
design, implementation, analysis, and interpretation of biological experiments.

UCD Fish Pathology Laboratory (School of Veterinary Medicine): Fish disease diagnosis and
treatment.

California Department of Water Resources (qDWR): Consultation and assistance in desxgu,
construction and lesting of the fish screen configumtioas.

California Department of Fish and Game (DFG): Consultation in the design offish screen
configurations, and asalstanee in fish collection and experiments.

National Marine Fisheries Services (NMFS): Consultation in the design offish screen
configurations and fi~sh b~havior e~p~_.,~men? .........

,~ Collaborating agenmes are expected to pm’~lde us W~th the part-tame ~services of theh~
pers~nne~ f~r d~ferent task~ (se~ Tab~e 4) ‘Calif~m~a D~purtment ~f Water Res~ur~en (part~1pa~n
pending) will provide us                                             assist with the
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design, construction and lesting of fish screen col~figuralio~ts, and to assist with {he preparation of
the QAPP. UC Davis is requesiing fi-om California Depmlmcn{ offish and Game (participation
pending) to provide equipment and in-kind services ~o assist in fish collection, design of fish screen
eonfiguratioas and preparation of QAPP.

Potential for Incremental Funding: Because the proposed project requires a moderately large capital
outlay for modification of the flume before experiments can be initiated, and involves relatively
long-duration and complex biological tests on live fishes which may only be available seasonally,
the potential for incremental funding is limited. Biological experiments, particttlarly those designed
to test several variables (e.g., fish species, day vs. night), require replication in order to produce
scientifically and statistically valid results and are time consuming. Further, a commitment for the
entire 24 months will facilitate attracting and keeping top-quality post-gradua~ r~searchers and
reaintaining a sreoothly running program. Funding of this project will provide the State with a
generic apparatus for various environmental studies. This is possible due to the modular design and
expandability of the flume.

Tab& 4. Total fundlng for the project including counterparts from funding partners

Phase I Phase II Total

University of California, Davis 20,600a 36,050a 56,650

Departme~t of Water Resources 28,000b 28,000I’ 56,000

Departmen~ of Fish and Oame 10,000I~ 50,000c 60,000

CALFED 312,437 475,788 ~/88,225

Total: 371,037 589,838 960,875

Legend:

~ salary for M.L. Kavvas (15%) and J’.J. Cech (5%)

b estimated ~slaries of" DWR and DI~2, personnel

c salaries and equipment for fish collection
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APPLICANT QUALIFICATIONS

A. Organization of the Prq|ect

F~r over thirty yca~, the University of Calilortua Hydraulics Labor at~3~ in Davis has been
conducting hydraulic investigations through simulations and scaled models. The present and future
research interests of the Hydraulics Laboratory are focused towards meeting the needs for the
solution of the ecological, environmental and hydraulic engineering problems existing in the overall
Delta region. Currently, Laboratory is eonduetthg a Fish Treadmill study in order to determine how
Delta fish species of various sizes and swimming abilities behave if subjected to a fiat plate fish
screen, and what are the suitable approach and sweeping velocities and screen exposure duration for
various fish species.

The project will be under the direction and supervision of the principal investigator, Dr. M. l.event
Kavvas, Professor in the Department of Civil and Environmeutal Engineering, University of
California, Davis. Day to day project management, data analysis and interpretation, and report
writing will be provided by the research engineer Dr. Z.Q. Chen. Three post-graduate research
engineet~ will assist with design, construction, operation, and data collection and analysis. One part-
time shop technician will assist in the construction of the related structures, as well as with the daily

Biological studies will be under the direction and supervision of the co-principal investigator, Dr. J.
J. Cech, Jr., Professor in the Department of Wildlife, Fish, and Conservation Biology, University of
California, Davis. Day to day project management, implementation, data analysis, interpretation,
and report writing will bc provided by two pust-graduatc rescarchcrs, Drs. C. Swanson and P. S.
Young. Parttime post-graduate ~esearchers will assist with fish collection and care, and data
collection and anaIysis. Collaborating engineers and biologists from DWR, DFG and NMTFS will
work with the principal investigators and managing hydraulic engineers and biologists.

B. Collahorafing Scientists

Dr. M. Levent Kavvas is a professor at UC Davis, Civil and Environmental Engineering Department
since 1985. He has been responsible for nTany related research projects in collaboration with
different state agencies. He is an author of more than 87 journal and pn3cecdings publications in the
areas of hydraulic and hydrologic engineering. He has been a member of the Editorial boards of
several engineering journals, and is currently the Editor of ASCE Iournal of Hydrologic
Engineenng. He is currently a principal investigator on the Fish Treadmill study (DWR contract #
B-80898), an extensive study of the performance and behavior of Delta fishes exposed to 3-D flow
fields near large flat plate fish screens.

Dr. Z.Q; Chen is a Research Engineer with the UCD Hydraulics Laboratory. He has worked on
various hydraulic modeling studies, and currently is a lead engineer for the Fish Treadmill Project.
He was also involved in the hydraulic modeling study of the Fish Treadmill 1:2.5 scale model. Dr.
Chert ~pecializes in physical hydraulic models, hydraulic engineering, and hydrolog-)cal modeling.

Dr. Joseph J. �2ech. Jr. has been a profeasor at U(2D since 1975 and was Chair of the Depar’maent of
Wildlife, Fish, and Conservation Biology from 1992-199% He has published more than 80 peer-
reviewed atticles and books ~n the fields of physiology and physiological ecology ~f fistles, and has

~’::: ~.:r~ ~w0n numerous aw~ds~;hlbn0m, and grams. He has ~ucce~s~llycompleted seven contracts with state ~-
:~:~;. agencies for studies’of the physiological ecology of fishes in the Sacrum,onto-San Joaquin Delta and -

~̄ivers. He is currently co-principal investigalor, wit6 M. L. Kavvas. Department of Civil and
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Environlnental Engineering, UCD, on the Fish Treadmill Projec~ (DWR cormact # B-808981, n
comprehensive study of the performance and behavior of Delta fishes exposed to 3-D flow fields
and Iarge fiat-plate fish screens.

Dr Christina Swanson has been a post-doctoral researcher in Dr. Ceeh’s laboratory. She has spent
the past five years studying the environmental tolerances, swimming performance, and behavior a.
Delta fishes, with an emphasls on the biology of delta smelt. She was the managing researcher on
three successfully completed state contracts and as currently one of the managing biologists on the
Fish Treadmill Project.

Dr. Paciencia S. Young received her doctoral training and is currently a post-doctoral researcher in
Dr. Cech’s laboratory. ,She is an expert in the areas of stress and exercise physiology of fishes and
has spent the past four years studying the enx~Lronmental tolerances, swimming performance, and
behavior a Delta fishes, with an emphasis on the biology of splittail and delta smelt. She was the
managing researcher on two successfully completed state contracts and is currently one of the
managrag biologists on the Fish 2~readralll Project,

Mr. Ted Frink. a biologist with the Environmental Services Office. California Department of Water
Resources, will consult and assist with us on desig~ of different fish screen eonftgurations, data
analysis and interpretation of results.

Mr, Shawn Mayr, a civil engineer with the Environmental Services Office. California Department of
Water Resources will assist and consult with us on design, construction and testing of the differenl
fish screen configurations.

Mr. Robert Fujimura. a biologist with California Department of Fish and Game. will assist and.
consult with us on experimental design, data analysis and implementation of the experiments.

Mr. Ric~ Wantuck with National Marine Fisheries Services, will consult with us on the design of
fish screen configurations and fish behavior experiments.

C. Conflict of Interest

There are no existing or petential conflicts of interest~ for any o~the personnel involved in this
project.
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ReqLlirement:s and Lobbying
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employees for violation of such prohibition; ,

(b), (¢), (d), (e} aad
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EIGNATIjR~:OF AUTHORIZED CERTIFYING OFFtCIAL

TYPED NAME AND TITLE

DATE
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OMB Approval No 0348-0044
BUDGET INFORMATION - N~

Catalog of Federal Estimaled Unobtigated Funds New or Revised Budget

(b) (c)                (d) (e) (’0 (£)
$                   $                   $      ’"$                   $

312~437                              312_~437

475,788 475,788

$ $ 788,225 S $788,225

89,868      $ 239,470       $                 $                 $
329 338

15,490 46,458 61,948

120,000 9,400 129,400

16,000 [9,000 35,000

10,414 12,414 22,828

~ ..... 202,711



$

,~,~Feder~l ’ :.?. $ 312,437 178,836 62,818

312,437 178,836 62,8L8 70,783

FUTURE FL~NDING PERIODS {Years)

$

22. llndirect Charges:
475,788 yr ]- 46% and yr 2 - 46.5% of M~DC



JPLEASE DO NOT RETURN YOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND BUDGET.
ISEND IT TO THE ADDRESS PROVIDED BY THE SPONSORING AGENCY.

AS Ihe duty authorized representative of the applicant, I certify that t~e appiicanb

1. Has the legal authority 1o apply for Federal assistance Act of 1973, as amended (29 U.S.C. §794), which
a~d the institutional, managerial and financial capability prohibils discrimination on the basis of handicaps; (d)
(including funds sufficient to pay the non Federal share the Age Discdn~ination Act of 1975, as amended (42
of project cost) to ensure proper planning, managemenl U.S.C. §§6101-6107), which prohibits discrirninatien

(a) Title VI of the Civil Rights Act of 1964 ip.l_ 88~$21 purchases.

1683 and 1685-1686), which, p rohiblts discrimination on . ¯ wn~cn limit Ihe political activities of emp!oyees whose
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(40 U,~.C, §276¢ and 18 U,S.C. §874), and the Contract ¢oml~onent$ or potential ¢ompon~nt~ of Ihe n~tional

APPLICANT ORGANIZATIO N ...... ~, ~: ....

I --01 3245
1-013245



APPLICATION FOR OM~

FEDERAL ASSISTANCE ~ DATE SUBMli rhD FApp~icant ~den:lfier
Z~ 16-99

The Regents of the University of Cal~fornia College of Engr: Civil & Env. Engr.

Sponsore4 projects Office
410 ~rak Ball. Yolo Cty, Davis. CA 95616-8671 M. Levant Kavvas, (530) 752-2518

T~rL~-    NiA                                            Reducing Predation on Delta Smelt

10/01/99 ~6/30/01                                    III
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